Although the Odderon is an unambiguous prediction of Quantum Chromodynamics, its existence still was not confirmed experimentally. One of the processes where the Odderon contribution is expected to be dominant is the diffractive photoproduction of tensor mesons. In this paper we study the diffractive f2(1270) photoproduction in pA collisions at LHC and RHIC considering the model of the stochastic vacuum to treat the non -perturbative process. We demonstrate that this process dominates the f2 production at mid -rapidities, and large values for the cross section are predicted. Our results indicate that the experimental analysis of this final state is, in principle, feasible and can be used to probe the Odderon.
The recent TOTEM data [1] for the parameter ρ, which describes the ratio between the real and imaginary parts of the scattering amplitude, has motivated an intense debate about the possible contribution of the Odderon [2] [3] [4] [5] [6] [7] [8] [9] [10] . Such object is a natural prediction of the Quantum Chromodynamics (QCD), has a C-odd parity and determines the hadronic cross section difference between the direct and crossed channel processes at very high energies (For a review see Ref. [11] ). In particular, the Odderon contribution is expected to be important in the dip region of the differential elastic cross section [12, 13] as well for the description of the diffractive photoproduction of pseudoscalar mesons [14] [15] [16] [17] [18] [19] [20] [21] [22] (See also Ref. [23] for other possible probes of the Odderon). The last expectation can be easily understood: as the real photon has negative C parity, its transformation into a diffractive final state system of positive C parity requires the t-channel exchange of an object of negative C parity. It implies that a Pomeron exchange, which carries C-even parity, cannot contribute to this process. Therefore, it can only be mediated by the exchange of an Odderon. In particular, the diffractive η c photoproduction have been studied in the last years considering ep collisions at HERA [17, 18] and pp/pA/AA collisions at the LHC [20, 21] and assuming that Odderon is a C-odd compound state of three reggeized gluons described by the Bartels -Kwiecinski -Praszalowicz (BKP) equation [24] , which resums terms of the order α s (α s log s) n with arbitrary n in which three gluons in a C = −1 state are exchanged in the t-channel. One the motivations for the study of the η c production is that the meson mass provides a hard scale that makes a perturbative calculation possible. Unfortunately, the ep cross section for this process was too small to be observed at HERA and a future separation of the exclusive η c photoproduction in photon -induced interactions at the LHC is expected to be a very hard task [22, 25] .
In this paper we propose the search of the Odderon in the diffractive f 2 (1270) photoproduction in pA collisions at RHIC and LHC. Such process is represented in Fig. 1 (a) . Our motivation for the study of this process is twofold. First, due to the smaller f 2 mass, the corresponding cross section is expected to be larger than the η c one. Second, in pA collisions, due to Z 2 dependence of the nuclear photon flux, the f 2 production by photon -Odderon interactions is expected to be dominant in comparison to that associated to Pomeron -Pomeron reactions. The main background in this case becomes the f 2 (1270) production by photon -photon interactions, as represented in Fig. 1 (b) , which also will be estimated in what follows. The main shortcoming in the study of the diffractive f 2 photoproduction is associated to the fact that a perturbative approach is, in principle, not justified to calculate the cross section. As a consequence, we should to assume a non -perturbative model to describe the process. In our analysis we will use the approach proposed in Refs. [15, 16] , which is based on functional integral techniques and the model of the stochastic vacuum to treat QCD in the non-perturbative region [27] . In this model the Odderon exchange is calculated from the functional integral of two lightlike Wegner -Wilson loops, with the resulting cross section being energy independent. Such energy behaviour is also expected in perturbative QCD as demonstrated by Bartels, Lipatov and Vacca (BLV) [26] , which have found a solution for the BKP equation with intercept α I O exactly equal to one. Our motivation to use the stochastic vacuum model is directly associated to the fact that this model is able to provide an unified description of a large set of hadronic reactions, dominated by soft interactions and Pomeron exchange, with a satisfactory agreement with the experimental data (See e.g. Ref. [28] ). As we will demonstrate in what follows, our results indicate that the diffractive f 2 photoproduction in pA collisions at RHIC and LHC is dominant at central rapidities, which implies that a future experimental analysis of this process can be useful to probe the Odderon.
Initially, let's present a brief review of the description of photon -induced interactions in hadronic collisions at large impact parameter (b > R h1 + R h2 ) and at ultra relativistic energies. In this regime the electromagnetic interaction is dominant [29] . The photon stemming from the electromagnetic field of one of the two colliding hadrons can interact with one photon of the other hadron (two-photon process) or can interact directly with the other hadron (photonhadron process). The total cross section for a given process can be factorized in terms of the equivalent flux of photons of the hadron projectile and the photon-photon or photon-target production cross section [29] . In the particular case of proton -nucleus collisions, the photon -hadron interactions are dominated by processes where the nucleus is the source of photons, due to the Z 2 dependence of the photon flux, and the proton is the target. The cross section for the diffractive f 2 (1270) photoproduction in a given rapidity range can be expressed as follows
with
where the rapidity Y of the meson in the final state is determined by the photon energy ω in the collider frame and by mass M f2 of the meson [Y = ln(2ω/M f2 )]. Moreover, the symbol ⊗ represents a rapidity gap in the final state, X = p or N * depending if the proton remains intact or is excited for a 2P state in the interaction. dσ/dY is the rapidity distribution for the photon-proton interaction induced by the nucleus A and N (ω, b) is the equivalent photon flux for a given photon energy ω and impact parameter b, which can be expressed in terms of the nuclear form factor F as follows
As in previous studies [20] [21] [22] we will assume a monopole form factor given by [30] F
with Λ = 0.088 GeV and b min = R A + R p . We have verified that the results obtained using a realistic nuclear form factor differ by less than 3%, which is expected since we are assuming that b ≥ b min [30, 31] . Finally, and s NN are the c.m.s energy squared of the photon -proton and nucleus-proton system, respectively. The cross section σ γp→f2(1270)X is given by
where Φ i γf2 and Φ pX are the impact factors for the γ → f 2 and p → X transitions, respectively. Moreover, J MSV describes the interaction between thedipole and the proton structure as predicted by the model of stochastic vacuum (MSV) [15, 16] (We refer the reader to the original papers for the details). The quantity Φ γf2 can be calculated in terms of the photon wave function and the light cone wave function for the tensor meson f 2 . On the other hand, the impact factor Φ pX describes the coupling of the Odderon to the proton and takes into account the transition of the proton into a state X, which is assumed to be a proton or an excited N * state. Such impact factor depends on the proton wave function and on the wave function for the 2P resonance, which are non-perturbative quantities and should be modelled. As in Refs. [15, 16] the proton will be assumed as having a quark -diquark structure, which implies that J MSV can be estimated considering a dipole -dipole interaction mediated by an Odderon exchange. This assumption leads to a reduction in the proton -Odderon -proton coupling, which implies that the Odderon contribution for the elastic scattering is negligible at small -t. In addition, the cross section for the γp → f 2 (1270)p is strongly suppressed in comparison to the case where the initial proton is transformed diffractively into an excited negative parity state, as e.g. N * = N (1520) or N (1535). As a consequence, in what follows we only will present results for the case where X = N * , i.e. for the reaction γp → f 2 (1270)N * , with the resulting predictions being the sum of the N (1520) and N (1535) contributions. In our calculations we assume the parameters of the model to be the same as those used in Ref. [16] , which were fixed at an energy of W γp = 20 GeV.
The Odderon and the photon exchanged in Fig. 1 (a) are colorless objects, which lead to the formation of two rapidity gaps in the final state, i.e. the outgoing particles (A, f 2 and X) are separated by a large region in rapidity in which there is no additional hadronic activity observed in the detector. Two rapidity gaps in the final state are also generated in the f 2 production by photon -photon interactions. Therefore it is important to estimate the background associated to this process. The cross section for the f 2 (1270) production by γγ interactions [See Fig. 1 (b) ] can be expressed by [29] 
where W γγ = √ 4ω 1 ω 2 is the invariant mass of the γγ system, Y is the rapidity of the meson in the final state and σ γγ→f2 (ω 1 , ω 2 ) is the cross section for the f 2 production by the interaction of two real photons with energies ω 1 and ω 2 . The factor S 2 abs (b) is the absorption factor, given in what follows by [32] S 2
where R h is the radius of the hadron h (h = A, p). The presence of this factor in Eq. (6) excludes the overlap between the colliding hadrons and allows to take into account only ultraperipheral collisions. Moreover, the cross section for the production of the f 2 state due to the two-photon fusion can be written in terms of the two-photon decay width of the corresponding state as follows [33] σ γγ→f2 (ω 1 , ω 2 ) = 8π 2 (2J + 1)
where the decay width Γ f2→γγ is taken from experiment and M f2 and J are, respectively, the mass and spin of the f 2 state. In our calculations we will assume the values of Γ f2→γγ and M f2 as given in Ref. [34] .
In Table I we present our predictions for the f 2 (1270) production at different rapidity ranges in photon -Odderon (γI O) and photon -photon (γγ) interactions. We consider pP b collisions at LHC ( √ s = 8.1 TeV) and pAu collisions at RHIC ( √ s = 0.2 TeV). Moreover, we assume the rapidity ranges probed by the ALICE/CMS and LHCb detectors at the LHC as well as the central rapidity range probed in hadronic collisions at RHIC. We obtain cross sections of the order of µb, with the f 2 production by γI O interactions being larger than the γγ contribution at mid -rapidities. In contrast, the γI O contribution is strongly suppressed at forward rapidities due to the energy independence of the γp → f 2 N * cross section and the decrease of the photon flux at large photon energies. In comparison to the results for the exclusive η c photoproduction in pP b collisions presented in Ref. [22] , our predictions for f 2 are larger by a factor ≈ 300. Another advantage of the f 2 is that it dominantly decay in a pair of pions, with a branching fraction of 84.2%. In contrast, the branching fractions for the decay of the η c into stable hadrons are smaller than 17.4%.
Considering that the CMS integrated luminosity for pP b collisions at 8.1 TeV in 2016 was ≈ 180/nb, we predict that number of diffractive events will be larger than 1.5 × 10 6 . Such results indicate that the experimental analysis of the diffractive f 2 photoproduction is, in principle, feasible and can be considered ideal to probe the Odderon. Some comments are in order. In this paper we have assumed the model of the stochastic vacuum to describe the odderon exchange, which in the case of the f 2 production is expected to be dominated by non -perturbative physics. As a consequence, our predictions should be considered model dependent. Moreover, as in Ref. [16] we estimate that the uncertainty in our predictions to be a factor ≈ 2, which is directly associated to the treatment of the Φ pN * impact factor. Certainly the calculation of diffractive f 2 photoproduction assuming a different approach is a subject that deserves to be considered. We expect that the results presented here motivate a future study. An alternative is to use the approach proposed in Refs. [35, 36] , which sucessfully describes a large set of soft processes. Taking into account the uncertainty in our results, we have that the γI O and γγ predictions become similar. In principle such contributions can be separated assuming a lower cutoff in the transverse momentum of the f 2 state, since γI O interactions are expected to generate this state with a larger p T in comparison to those produced by γγ fusion. It is important to emphasize that the theoretical uncertainty in the cross section for f 2 production by γγ interactions is very small. Consequently, if a larger value is experimentally observed, such enhancement can be directly associated to the γI O contribution and can be considered an evidence of the Odderon.
Finally, let's summarize our main results and conclusions.
One the main open questions in the field of strong interaction physics is the description of the diffractive processes. In particular, the existence of the Odderon, which is an unambiguous prediction of QCD, is still not confirmed in the experiment. Certainly, a probe of its existence (or not) will improve our undertanding about the diffractive interactions in QCD. In this paper we have proposed to probe the Odderon in photon -induced interaction at pA collisions. We have studied the diffractive f 2 (1270 photoproduction in which the diffractive interaction is described by an Odderon exchange, with the Pomeron one being suppressed by the quantum numbers of the final state. Therefore, the observation of such processes would clearly indicate the existence of the Odderon. We predict total cross sections of order of µb for the f 2 production at midrapidities in pA collisions which makes, in principle, the experimental analysis of this process feasible at LHC and RHIC.
